The present study was performed in order to obtain reliable and applicable techniques of viral detection in shellfish for use in ensuring food safety. This research was developed in two steps: (a) different techniques to recover viruses from artificially contaminated shellfish were tested and (b) the best technique was applied to analyse shellfish collected from sites along the coast of Salento.
Introduction
Seafood has always been an important source for human nutrition. Shellfish are filter-feeder organisms that accumulate substances dissolved or suspended in water, and concentrate, through this process, possible pollutants such as microorganisms (Mullendore et al., 2001) . For this reason, there are actual infectious risks connected with shellfish consumption, and microbiological controls are needed before these organisms can be marketed. With this aim in mind, virological analyses are significant, because of (a) their high environmental resistance, (b) low infective dose, (c) the poor correspondence with bacterial indicators and (d) the frequency of viral diseases connected with shellfish consumption. These factors underline the need to adopt standard techniques for routine applications. A further aspect to consider is that the capacity for filtering pollutants makes shellfish of importance as bio-indicators, since they are able to efficiently show the level of contamination of the water in which they grow (Formiga-Cruz et al., 2002; Romalde et al., 2002) .
Hence, rapid, simple and standardised analytical techniques are required to detect such contamination. Molecular biology provides a possible solution to the problems related to the research into viruses in shellfish, and several biomolecular techniques had already been suggested in the literature (Romalde et al., 2002) . The present study was aimed at evaluating the efficiency of some of these techniques before their use in the field.
Materials and methods
This study was divided into two phases: (a) two recovery techniques for viruses from artificially contaminated Mytilus galloprovincialis were compared; (b) the best methodology among those tested in the first phase was applied to the analysis of shellfish and water collected from areas along the coast of Salento (Italy).
In the first part of the analysis, homogenised shellfish were split into aliquots, then contaminated with several dilutions of poliovirus 1 (Sabin; strain AF462419.1) (1 × 10 6 TCD 50 /mL). Two different methods of elution were tested on these artificial samples, using glycine (Promega, Madison, USA; Croci et al., 1999;  0.05 M pH 9) or beef extract (Oxoid, Basingstoke, UK; 3% pH 9). In order to concentrate viruses in the eluted sample, a double precipitation by using PEG 6000 (Promega, Madison WI, USA; Lewis and Metcalf, 1988) was used. Two nucleic acid extraction methods were tested: (a) a classic one, using protease k-phenol/chloroform and (b) a rapid one which exploits the selective link of nucleic acids to a silica gel membrane, QIAamp Viral RNA Kit (Qiagen; Hilden, Germany).
Finally, the sensitivities of RT-PCR (Muscillo and La Rosa, 1995) and RT-nested PCR (Gilgen et al., 1997) were compared in the search for enteroviruses. The protocol appearing to perform best (elution, RNA extraction and PCR) was chosen to be used for field analysis and was also supported by the culture of cytopathogenic viruses and bacteriological analysis.
Samples (23) of shellfish-growing waters were also analysed; water was concentrated using the tangential flow ultrafiltration method (Carducci et al., 1994) and then split into two aliquots: (a) one was decontaminated using chloroform (1:10 v/v) and analysed for viruses able to grow in BGMK cell cultures; (b) the other one was subjected to viral nucleic acid extraction and to RT-nested PCR to search for enteroviruses and hepatitis A viruses. The detected nucleic acid from water and shellfish samples that turned out to be positive according to biomolecular analysis was subjected to sequencing.
Results
The best elution method was the one that made use of glycine, whereas the most efficient system to extract nucleic acids was the QIAamp Viral RNA Kit -both showed a sensitivity 1-log higher than the other techniques (Table 1) . Regarding the PCR reaction, the nested reaction showed a sensitivity 5-log higher than the one-step reaction.
So far, 39 shellfish samples have been analysed and one sample was found that was positive according to biomolecular analysis (poliovirus 1 Mahoney V001149). Of the 23 samples of shellfish-growing seawater analysed, one sample turned out to be positive for poliovirus 1 strain AF405690.1 (derived from poliovirus Sabin 1 through genetic recombination), while another was positive for HAV strain M16632.1 (Table 2) .
A specific relationship between virus-positive shellfish and the growing waters of the same sampling was not highlighted, probably because of the high viral dilution in seawater or the presence of possible PCR inhibitors in the shellfish pulp. Additionally, virological analysis did not show a clear relationship between bacterial indicators and a viral presence. In fact, only 21% of shellfish samples and 13% of waters failed the limits set by Italian law. Only one of the samples positive for viruses (poliovirus 1, strain AF405690.1 detected in seawater) failed to satisfy the Italian limit for faecal coliform count (300 CFU/100 mL). According to the European Directive 313/99 (Anon., 1999) on health risks associated with shellfish viral contamination, it is important to have simple and rapid standardised techniques that can be used to reveal such contamination. The retro-transcription and amplification techniques tested and adopted in the current study could be considered reliable and easily applicable to environmental samples; in fact they are able to reach high levels of sensitivity, allowing detection of low viral concentrations. Virological analyses appear also to be important in monitoring shellfish and their growing waters in order to (a) detect pathogens not related to common faecal contamination indicators and (b) control the circulation in the seawater of epidemiologically important viruses. The recovery in this study of mutant vaccine poliovirus 1 strains provides evidence of the importance of environmental analysis for the control of poliovirus circulation and also the usefulness of shellfish, and of Mytilus galloprovincialis in particular, as bio-concentrators. However, the application of mussels as water-bioindicators of viral pollution should be studied further to improve the correlation between shellfish and water analyses. For instance, the shellfish vitality is a fundamental condition to avoid any alteration of filtration ability that would prevent possible environmental virus bio-accumulation thus affecting data reliability (Solic et al., 1999) .
